Abstract. The paper gives an overview on the developments at the German Aerospace Center DLR towards anthropomorphic robots which not only try to approach the force and velocity performance of humans, but also have similar safety and robustness features based on a compliant behaviour. We achieve this compliance either by joint torque sensing and impedance control, or, in our newest systems, by compliant mechanisms (so called VIA -variable impedance actuators), whose intrinsic compliance can be adjusted by an additional actuator. Both approaches required highly integrated mechatronic design and advanced, nonlinear control and planning strategies, which are presented in this paper.
Introduction
Soft Robotics is an approach for designing and controlling robots which can interact with unknown environments and cooperate in a safe manner with humans, while approaching their performance in terms of weight, force, and velocity. These robots are expected to push forward not only such new application fields as medical robotics, robotized outer space and planetary exploration, or personal service and companion robotics, but also to drastically move the horizons of industrial automation. Today's industrial robots still operate in their huge majority in blind, position controlled mode, being dangerous to humans and thus having to be enclosed by protective fences. In contrast, this new generation of robots can share the space and the workload with the humans adapting better to product diversity and to short production life cycles. However, it is clear that these human friendly robots will look very different from today's industrial robots. Rich sensory information, light-weight design and soft robotics features are required in order to reach the expected performance and safety. In this paper we will address the two approaches followed at DLR for reaching the aforementioned new design goals. The first one is the meanwhile mature technology of torque controlled light-weight robots (see Fig.1 ) . Several products resulted from this research and are currently being commercialized through cooperations with various industrial partners (DLR-KUKA Light-Weight Robot LWRIII, DLR-HIT-Schunk Hand, DLR-Brainlab-KUKA medical robot). The second technology, currently a topic of very active research in the robotics community, is variable compliance actuation. It aims at enhancing the soft robotics features by a paradigm change from impedance controlled systems to variable mechanical stiffness and energy storage, in close interplay with innovative control strategies, as suggested by the human motor system. Regarding the actively compliant controlled systems, we will concentrate on the newest developments in the design and control leading to the humanoid system Rollin' Justin as well as on the steps required to make the technology widely usable in industrial environments. We are considering these robots as a performance
